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Project  Activity 

Internal  wave  'antennas'  composed  of  moored  acoustic  doppler  current  profilers  (ADCP's) 
generally  covering  the  middle  80%  of  the  water  column  augmented  by  one  to  seven 
continuously  recording  temperature  loggers  distributed  along  the  mooring  line  were 
deployed  in  waters  just  offshore  of  San  Diego  at  depths  ranging  from  15  m  to  500  m 
during  the  summer  and  fall  of  1996  and  1997.  The  first  was  deployed  from  25  June  to  5 
September  1996  with  five  moorings  between  the  15  m  and  the  350  m  isobaths  along  a 
central  transect  extending  offshore  from  Mission  Beach  (San  Diego)  plus  two  more 
deployed  north  and  south  of  the  30  m  mooring  along  the  30  m  isobath.  At  each  mooring  a 
bottom  mounted  ADCP  looked  upward,  and  the  mooring  line  was  instrumented  with 
continuously  recording  temperature  sensors.  At  both  deployment  and  recovery,  12  hour 
CTD  yoyos  were  carried  out  at  a  number  of  the  mooring  sites  as  well  as  at  a  station  on 
the  500  m  isobath  offshore  along  the  central  transect  line.  A  second  deployment  of  eight 
ADCPs  was  carried  out  between  17  September  and  24  October  1996  along  the  same 
central  transect  line  but  with  one  ADCP  on  the  100  m  isobath  and  the  rest  closely  spaced 
(about  250  m  spacing)  between  the  15  and  30  m  isobaths.  The  first  deployment  during 
1997  was  somewhat  similar  to  the  second  of  1996,  except  that  the  500  m  and  350  m 
moorings  were  outfitted  with  two  adcps  each  mounted  on  the  mooring  line  so  as  to  give 
nominal  coverage  of  the  upper  200  m  of  the  water  column.  The  second  deployment  of 
1997  consisted  of  two  parallel  on-offshore  lines  500  m  apart,  each  extending  from  30  m 
to  15  m  water  depth.  Simultaneous  meteorological  observations  are  available  from 
Scripps  Pier  in  La  Jolla.  CTD  yoyo's  were  carried  out  over  periods  ranging  from  about  3 
to  about  24  hours  during  mooring  deployment,  service  and  recovery,  and  a  bottom 
pressure  sensor  was  deployed  at  the  15  m  mooring.  Work  since  instrument  recovery  has 
consisted  of  data  management  and  analysis.  The  results  will  constitute  the  PhD  thesis  of 
graduate  student  Jim  Lerczak. 

Scientific  Results 

Tidal  band  variability.  The  internal  tide  showed  surprising  variability  of  vertical  structure 
from  deep  to  shallow  moorings,  and  between  semidiurnal  and  diurnal  bands.  Tidal 
variability  was  intermittent,  and  not  obviously  correlated  with  the  fortnightly  and/or 
declinational  cycles  of  the  semidiurnal  and  diurnal  surface  tide  or  with  lower  frequency 
changes  in  background  currents  or  stratification.  Surprisingly,  strong  diurnal  (0.042  cph) 
currents  were  present  on  the  slope  and  shelf,  even  though  the  diurnal  frequency  is  slightly 
subinertial  at  San  Diego  (inertial  frequency  0.045  cph). 

The  spatial  structure  of  the  tidal  variability  was  studied  separately  for  bands  centered 
about  diurnal  (0.030  to  0.056  cph)  and  semidiurnal  (0.056  to  0.11  cph)  frequencies  using 
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complex  empirical  orthogonal  functions  (cEOFs).  Most  of  the  variability  in  each  band 
was  captured  by  a  single  dominant  cEOF.  However,  the  structure  of  the  dominant  mode 
was  strikingly  different  for  the  two  bands.  Diurnal  currents  were  surface  enhanced,  and 
decayed  gradually  from  the  slope  shorewards.  They  were  clockwise  circularly  polarized 
and  generally  showed  slow  upward  phase  propagation  ( 0.05  mm/s).  This  upward  phase 
propagation  was  surprising  for  motions  that  were  apparently  subinertial,  and  therefore 
evanescent,  at  this  latitude.  The  driving  agent  for  these  motions  is  presumed  to  be  the 
local  sea  breeze,  which  had  a  very  pronounced  diurnal  spectral  peak. 

Semidiurnal  currents  were  stronger  on  the  shelf  than  over  the  slope.  The  dominant  CEOF 
for  on-offshore  currents  had  internal  mode  one  structure.  But  bottom  currents  were 
linearly  polarized  in  the  cross-isobath  direction  while  the  surface  currents  were  clockwise 
circularly  polarized.  There  was  no  apparent  vertical  phase  propagation  for  these  waves. 
The  relative  phase  between  cross-  isobath  semidiurnal  currents  at  different  depths  and 
temperature  fluctuations  was  consonant  with  standing  wave  structure  in  the  cross  shore 
direction.  Near  bottom  semidiurnal  currents  on  the  slope  (350  m  water  depth)  were  an 
exception  to  this  general  description;  here  the  semidiurnal  currents  were  bottom 
enhanced,  linearly  polararized  in  the  along-isobath  direction,  and  tightly  coupled  to  the 
fortnightly  cycle  of  the  surface  tide. 

High  frequency  variability.  Mode  one  internal  waves  explain  approximately  80%  of  the 
high-frequency  (buoyancy  frequency  to  1  cph)  variance  in  shallow  water  (15  to  30  m). 
The  critical  internal  wave  frequency  for  the  nearshore  region  of  the  continental  slope  is 
approximately  7  hours,  so  that  the  high-frequency  waves  are  very  subcritical.  The 
internal  wave  field  is  dominated  by  onshore  propagating  undular  bores  and  solitary-like 
events,  in  addition  to  apparently  independent  near-buoyancy  frequency  motions.  Wave 
packets  generally  arrive  at  the  nearshore  study  site  on  a  semi-diurnal  schedule.  Long¬ 
wave  phase  speeds  decrease  from  approximately  25  cm/s  to  12  cm/s  as  the  waves 
propagate  from  a  water  depth  of  30  m  to  15  m.  The  dissipation  time  scale  is 
approximately  2  hours,  so  that  the  waves  decay  significantly  over  the  time 
(approximately  3  hours)  it  takes  them  to  cross  the  nearshore  array  (delta  x  =  1.5  km).  A 
simple  dissipative  linear  model  cannot  carry  30  m  data  to  the  15  m  mooring.  There  is 
.  little  or  no  correlation  in  the  high-frequency  band  between  the  70  m  and  100  m  records 
with  the  15  to  30  m  records. 
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